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FOREWORD

1SO (the International Organization for Standardization) is a worldwide federation
of national standards institutes (ISO Member Bodies). The work of developing
International Standards is carried out through ISO Technical Committees. Every
Member Body interested in a subject for which a Technical Committee has been set
up has the right to be represented on that Committee. International organizations,
. governmental and non-governmental, in liaison with 1SO, also take part in the work.

Draft International Standards adopted by the Technical Committees are circulated
to the Member Bodies for approval before their acceptance as International
Standards by the ISO Council. )

International Standard 1S0 3743: was jdrawnpup Tbyy Technical,Committee
ISO/TC 43, Acoustics, and was circulated” to-the ‘Member’Bodies"in” May "1975!

It has been approved by the Member Bodies of the following countries :

Australia Ireland South Africa; Rep. of
Austria Israel Sweden

Belgium ltaly Switzerland

Brazil Japan Turkey
Czechoslovakia Netherlands United Kingdom
Denmark New Zealand U.S.A.

Finland Norway U.S.S.R.

France Poland

Hungary Romania

The Member Body of the following country expressed disapproval of the document
on technical grounds :

Canada
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Printed in Switzerland
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MODIFICATION TO FOREWORD (inside front cover)

The following sentence is to be added at the end of-the foreword :

“This International Standard cancels and replaces ISO Recommendation R 495-1966, of which it constitutes a technical revision."”
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INTERNATIONAL STANDARD ISO 3743-1976 (E)

Acoustics — Determination of sound power levels of noise
sources — Engineering methods for special reverberation test
rooms

0.1 RELATED INTERNATIONAL STANDARDS and purposes of the test. The operating and mounting
conditions of the machine or equipment to be tested must
be in accordance with the general principles stated in the

basic documents.

This International Standard is one of a series specifying
various methods for determining the sound power levels of
machines and equipment. These basic documents specify
only the acoustical requirements for measurements
appropriate for different test environments as shown in

table 1. Guidelines for making these decisions are provided in

18O 3740. If no sound test code is specified for a particular
machine, the mounting and operating conditions shall be
fully described in the test report.

When applying these basic documents, it is necessary to
decide which one is most appropriate for the conditions

TABLE 1 —~ International Standards specifying various methods for determining the sound power levels
of‘machines and equipment

Internatiorial e 1 . . .
Classification ; Volume Character Sound power levels | Optional information
Standard Test environment R i .
No. * of method of source of noise obtainable available
Steady,
3741 y
Reverberation broad-band
e i . .
. In one-third A-weighted sound
. room meeting
Precision specified Steady, octave or octave power
P . discrete- bands level
3742 requirements
Preferably less frequency or
than 1 % of test narrow-band
room volume
Steady,
Special broad-band A-weighted and Other weighted sound
R . ecia - -weighted an er wei
3743 Engineering P reverber narrow-band, . g 9
ation test room . in octave bands power levels
discrete-
frequency
No restrictions :
Qutdoors or in limited only by Directivity infor-
3744 Engineerin . An . R
9 9 large room available test v A-weighted and mation and sound
environment in one-third pressure levels as a
octave or octave function of time;
Anechoic or Preferably less bands other weighted sound
3745 Precision semi-anechoic than 0,5 % of Any power levels
room . test room volume
L Steady,
No restrictions : broadyband Sound pressure levels
No special test limited only by ! . as a function of time;
3746 Survey . . narrow-band, A-weighted X
environment available test discrete other weighted sound
environment power levels
frequency

*

See clause 2.
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0.2 SYNOPSIS OF 1SO 3743

Applicability
Test environment

Reverberation ‘room with préscribed volume and
absorption. Guidelines for the design of reverberation
rooms are given in annex A.

Type of source
Device, machine, component, subassembly.
Size of noise source

Volume of the source not greater than 1% of the
volume of the test room.

Character of noise radiated by the source

- Steady (as defined in ISO 2204).

Aécu’racy

Engineering (standard deviation for determining A-weighted
and/or octave band sound power levels for 1 kHz is about
2,0 dB).

Quantities to be measured

Sound pressure levels with A-weighting and in octave'bands
on prescribed paths or at several fixed positions.

Quantities to be determined

;_Weighted sound power level with A or other weighting
sound power levels in octave bands.

Quantities which.cannot be obtained

Directivity characteristics of the source.

0.3 INTRODUCTION

This International Standard specifies relatively simple
engineering methods for determining the weighted and
octave band sound power levels of small noise sources.
These methods are applicable to small machines, devices
and components which are sources of steady noise and
can be installed for the purposes of the measurements in
a special test room with prescribed acoustical characteristics.
These methods are particularly suitable when the cost and
labour involved in carrying out the measurements shouid
be minimized and high precision is not necessary.

These methods are based on the premise that the mean-
square sound pressure averaged in space and time in the test
room can be used to determine the sound power. emitted by
the source. The properties of the test room are chosen so
that the room’s influence on the sound power output of the
source under test is reasonably small. A simple method is
given to determine the number of microphone positions
and source locations required in the test room.

2

This International Standard, together with the others in
this series (see table 1), supersedes 1SO/R 495,

1 SCOPE AND FIELD OF APPLICATION

1.1 General

This International Standard specifies relatively simple
engineering methods for determining the approximate
sound power levels of small noise sources. The
measurements are carried out when the source is installed
in a specially designed room having a prescribed
reverberation time over the frequency range of interest.
The results of the measurements are given in terms of the
A-weighted and/or octave band power levels of the source.

NOTE — Precision methods for the determination of octave band
and one-third octave-band power levels of small noise sources are
specified in 1ISO 3741 and ISO 3742.

1.2 Field of application

1.2.1: JTypes of noise

The methods specified in this International Standard are
not, suitable for measurements of noise sources which emit
impulsive noise consisting of single noise bursts. The results
obtained for sources of quasi-steady impulsive noise may
be of limited value. For sources of impulsive noise, the
free-field methods specified in ISO 3744 and 1SO 3745
should be used. A classification of different types of noise
(steady, impulsive, etc.) is given in 1SO 2204.

1.2.2 Size of source

This International Standard applies to. small noise sources
producing steady noise within a specified frequency range.
The maximum size of the source under test and the lower
limit of the frequency range for which the methods are
applicable depend upon the test room employed. The
volume of the noise source shall not exceed 1 % of
the volume of the test room. For the minimum test
room volume of 70 m3, the maximum size of the:source is
0,7 m3. Measurements on sources emitting discrete-
frequency components below 200 Hz are frequently
difficult to make in such small rooms.

1.3 Measurement uncertainty

Measurements made in conformity with this International
Standard result in standard deviations which are equal to or
less than those given in table 2. The standard deviations of
table 2 reflect the cumulative effects of all causes of
measurement uncertainty excluding variations in the sound
power of the source from test to test. For a source which
emits noise with a relatively “‘flat” spectrum in the 100 to




10 000 Hz frequency range, the A-weighted sound power
level is determined with a standard deviation of mean value
of approximately 2,0 dB.

NOTE — The methods specified in 1SO 3741 and 1SO 3742 yield
sound power levels with smaller standard deviations than those
given in table 2.

TABLE 2 — Uncertainty in determining sound power levels
in special reverberation test rooms

Octave band Standard deviation
centre frequency of mean value
Hz dB
125 5,0
250 3,0
500 to 4 000 2,0
8 000 3,0

2 REFERENCES
ISO 266, Preferred frequencies for acoustical measurements.

ISO/R 354, Measurement. of..absorption, coefficient .in..a
reverberation room.

1ISQ 2204, Acoustics — Guide to the measurement of
airborne acoustical noise and evaluation of its effects on
man.

ISO 3740, Acoustics — Determination of sound power level
of noise sources — Guidelines for the use of basic standards
and for the preparation of noise test codes. 1)

1SO 3741, Acoustics — Determination of sound power
levels of noise sources — Precision methods for broad-band
sources in reverberation rooms.

ISO 3742, Acoustics — Determination of sound power
levels of noise sources — Precision methods for discrete-
frequency and narrow-band sources in reverberation rooms.

ISO 3744, Acoustics — Determination of sound power
levels of noise sources — Engineering methods for free-field
conditions over a reflecting plane.1)

ISO 3745, Acoustics — Determination of sound power
levels of noise sources — Precision methods for anechoic
and semi-anechoic rooms.1)

1SO 3746, Acoustics — Determination of sound power
Jevels of noise sources — Survey method.1)

1) At present at the stage of draft.
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IEC Publication 50 (08), International electrotechnical
vocabulary — Electro-acoustics.

|EC Publication 179, Precision sound level meters.

|EC Publication 225, Octave, half-octave and third-octave
band filters intended for the analysis of sound and
vibrations.

3 DEFINITIONS

For the purposes of this International Standard, the
following definitions apply.

3.1 special reverberation test room : A test room meeting
the requirements of this International Standard.

3.2 reverberant sound field : That portion of the sound
field in the test room over which the influence of sound
received directly from the source is negligible.

3.3 mean-square pressure : The sound pressure averaged
in space and time on a mean-square basis denoted by
< p2 >, In practice, space and time averaging over a finite
path length or a fixed number of microphone positions as
well-asydeviationsfrom the ideally reverberant sound field
lead ‘only to'an-estimate of < p2 >, called p2, in this
International Standard.

3.4 sound pressure level, L, in decibels : Ten times the
logarithm to the base 10 of the ratio of the mean-square
sound, pressure of a sound to the square of the reference
sound pressure. The weighting network or the width of
the frequency band used shall be indicated at the quantity;
for example, A-weighted sound pressure level, octave-band
pressure level, etc. The reference sound pressure is 20 uPa.

3.5 sound power level, in decibels : Ten times the
logarithm to the base 10 the ratio of the given sound
power to the reference sound power. The weighting
network or the width of the frequency band used shall be
indicated at the quantity; for example, A-weighted sound
power level, octave band power level, etc. The reference
sound power is 1 pW (= 10772 W),

3.6 frequency range of interest : For general purposes, the
frequency range of interest includes the octave bands with
centre freguencies between 125 and 8 000 Hz. Any band
may be excluded in which the level is more than 40 dB -
below the highest band pressure level. For special purposes,
the frequency range of integest may be extended at either
end, provided that the test environment and instrument
accuracy are satisfactory for use over the extended
frequency range. For sources which radiate predominantly
high (or low} frequency sound, the frequency range of
interest may be limited in order to optimize the test facility
and procedures.
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3.7 direct method : That method in which the sound
power level is calculated from the mean-square sound
pressure level produced by the source in a special rever-
beration test room and the total absorption in the room.

3.8 comparison method : That method in which the sound
power level is calculated by comparing the mean-square
sound pressure level produced by the source in a special
reverberation test room with the mean-square sound
pressure level produced in the same room by a reference
sound source {RSS) of known sound power output.

3.9 volume of source under test: The volume of the
whole object under test.

4 TEST ROOM REQUIREMENTS

4.1 General

Annex A contains guidelines for the design of a suitable
test room and an example of the determination of [the
nominal reverberation time of the room. Reference should
be made to ISO/R 354 for methods of measurement, of
reverberation time.

4.2 Room volume

The volume of the test room shall be at least 70 m3 and
preferably greater if the 125 Hz octave band is within the
frequency range of interest. If the 4 kHz and 8 kHz octave
bands are within the frequency range of interest, the
volume shall not exceed 300 m3.

NOTE — When using the comparison method, the use of larger room
volumes is acceptable.

4.3 Reverberation time of test room

The calculation of sound power levels from measured values
of the sound pressure levels requires a compensation for the
frequency-dependent concentration of sound energy near
the walls of the test room. To facilitate this compensation,
the reverberation time should be slightly higher at low
frequencies. The reverberation time T of the test room shall
fall within the limiting curves defined by 7 = 0,9 RTy
and 1,1 RTy where B = 1 + 257/(f V1/3] Y, f in hertz,
V in cubic metres. For frequencies above 6,3 kHz,
constants 0,9 and 1,1 shall be replaced by 0,8 and
1,2 respectively. Ty is the nominal reverberation time of
the room determined by centring the measured values of
T (normalized to the reverberation time at 1000 Hz)
within, the limiting /curves prescribed above, and shall be
between 0,5 and’ 1,0's (see annex A for an example). For
a room- yolume WV, of 70 m3, R may be determined from
figure T. :
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FIGURE 1 — Values of R at the one-third octave band centre frequencies for VV = 70 m3




If, during the acoustical measurements, sound-absorptive
structures support the source or if the source has absorptive
surfaces, T shall be measured with these items present.

4.4 Surface treatment

The floor of the test room shall be reflective with an
absorption coefficient less than 0,06. Except for the floor,
none of the surfaces shalt have absorptive properties
significantly deviating from those of the other surfaces. For
each octave band within the frequency range of interest,
the mean value of the absorption coefficient of each wall
and of the ceiling shall be within 0,5 and 1,5 times the
mean value of the absorption coefficient of the walls and
ceiling.

45 Criterion for background noise

At the microphone positions, background sound pressure
level shall be at least 4 dB and preferably more than 9 dB
below the A-weighted sound pressure level or the band
pressure levels produced by the source.

4.6 Criteria for temperature and humidity

To avoid excessive variations in air absorption (particularly
at freguencies above 1kHz} in the test room, no
measurements shall be taken if the product RH X (6<+5°.C)
differs by more than; . 10%, from the. value prevailing
during the measurement of the reverberation time of the test
room; RH is the relative humidity in percent, ¢ is the air
temperature in degrees Celsius.

NOTE — To keep the reverberation time within the specified limits
at the highest frequencies, a reduction of the air absorption is some-
times necessary. An increase in the humidity (for exampte by using
a small humidifier) may be beneficial.

4.7 Test of room suitability

Before a test room is used for sound power level deter-
minations, its suitability shall be evaluated using the
following procedure :

Step 1: Make a precision determination of the octave
band power levels of a small broad-band reference sound
source according to one of the methods specified in
1SO 3741. The reverberation room and the reference sound
source shall also comply with the requirements of ISO 3741.

Step 2 : In the special reverberation test room, determine
the octave band power levels of the same reference sound
source under identical operating conditions according to
the procedure given in this International Sandard.

Step 3 : For each octave band within the frequency range
of interest; calculate the difference between the sound
power levels so obtained.
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Step 4 : Compare these differences with the values of
table 3.

TABLE 3 — Maximum differences between octave band power levels
of broad-band noise sources measured according to ISO 3741 and
according to this International Standard

Octave band Difference in band
centre frequency power levels
Hz dB
125 5
250 to 4 000 3
8 000 4

If the differences in octave band power levels do not exceed
those specified in table 3, the room is suitable for sound
power determinations of broad-band noise sources
according to the procedures of this International Standard.

5 INSTRUMENTATION

5.1 -General

The basic instrumentation consists of a microphone, an
amplifier with A-weighting network, a squaring and aver-
aging circuit'and ‘an‘indicating device. A set of octave band
filter's is also required. These elements may be separate
instruments or they may be integrated into a compiete unit,
for example a suitable sound level meter. For requirements
on sound leve! meters, refer to IEC Publication 179.

The microphone shall, whenever possible, be physically
separated from the rest of the instrumentation with which
it is connected by means of a cable. Examples of suitable
instrumentation systems are given in annex B.

5.2 Microphone and associated cable

The ‘microphone shall have a flat frequency response for
randomly incident sound over the frequency range of
interest as determined by the procedure given in 5.6.

The frequency response and stability of the microphone
system shall not be adversely affected by the cable
connecting the microphone to the rest of the instru-
mentation system. If the microphone is moved, care shall
be exercised to avoid introducing acoustical or electrical
noise that could interfere with the measurements.

NOTE — This requirement is not normally met by the microphone
of a sound level meter which is calibrated for free-field
measurements.

5.3 Amplifier and weighting network

The properties of the amplifier and the A-weighting
network shall comply with the requirements of IEC
Publication 179.
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5.4 Octave band filters

The octave band filters shall comply with the requirements
of IEC Publication 225.

5.5 Squaring and averaging circuits and indicating device

Squaring and averaging the microphone output voltage may
‘be performed by analogue or digital equipment as described
‘in" annex B. In analogue systems, continuous averaging is
generally performed by an RC-smoothing network with a
time-constant 75. For these systems, the time-constant
‘shall be at least 0,56s and such that the indicated
‘fluctuations are less than * 5 dB.

‘In digital systems and in some analogue systems, true
“integration over a specified time-interval (integration time
Tp) is employed. The integration time shall be at least 1.
The ‘indication of the squaring and averaging (integrating)
circuits and indicating device shall be within 3% of the
values.

TABLE 4 — Relative tolerances for the instrumentation system
{adapted from 1EC Publication’179) '

Frequency Tolerance limits
Hz dB
100 to 4 000 11
5 000 £1,5
6300 e
8 000 ras
10 000 r2

5.6 Frequency response of the instrumentation system

The frequency response of the instrumentation calibrated
for randomly incident sound shall be determined according
to the procedure of 8.2 of |EC Publication 179. The
tolerances are given in table 4.

5.7 Calibration

During each series of measurements, an acoustical calibrator
with an accuracy of +0,5dB shall be applied to the
microphone for calibration of the complete instrumentation
system at one or more frequencies within the frequency
range of interest. The calibrator shall be checked annually
to verify that its output has not changed. Iin addition, an
electrical calibration of the instrumentation system over
the entire frequency range of interest shall be performed
periodically.

6

6 INSTALLATION AND OPERATION OF SOURCE

6.1 General

The acoustical properties of the special reverberation test
room and the manner in which the source is operated may
have a significant influence on the sound power emitted by
the source. L

6.2 Source location

The source to be tested shall be placed in the test.room in
one or more locations that are typical of normal usage. If
no such location{s) can be defined, the source shall be
placed on the floor of the test room with a minimum
distance of 1 m between any surface of the source and the
nearest wall.

. The location{s) of the source  in the test room shall-be

described in the test report.

NOTE — The influence of the acoustical properties of the room on
the sound power emitted by the source depends to some extent.on
the position of the source within the room. The requirements on the
test room (see clause 4) tend to decrease this influence. However, in

. some cases it may be necessary or desirable to determine the sound

powerlevélpfasourae infseveraljlocations in the test room (see 7.4).

6.3 . Source mounting

In many cases the sound power emitted will depénd on the
support or mounting conditions of the source, which must
be-carefully cdescribed-in‘the test’report. Whenever a typical
condition| ofo mounting or use exists for the equipment
under test, this condition shall be used or simulated for the
test, if feasible.

If a typical condition of mounting does not exist or cannot
be utilized for the test, care shall be exercised to avoid
changes in the sound output of the source due to the
mounting- system employed for the test. Steps shall be
taken to reduce any sound radiation from the mounting of
the equipment.

Sources normally mounted through a window, wall or
ceiling shall be mounted through a wall or the ceiling of
the test room.

The mounting conditions of the source and its associated
eqguipment shall be described in the test report.

NOTE  — The use of resilient supports and vibration-damping
material on large surfaces employed to support the eqqipment qnd_er
test may be appropriate. i o

6.4 Auxiliary equipment

Care shall be taken to ensure that any electrical conduits,
piping or air ‘ducts connected to the equipment do not
radiate significant amounts of sound energy into the test
room. |If practicable, all auxiliary equipment necessary
for the operation of the device under test shall be located
outside the test room and.the test room shall be cleared of
all objects which may interfere with the measurements.




6.5 Operation of source during test

During the acoustical measurements, the source shall be
operated in a specified manner typical of normal use. One
or more of the following operational conditions may be
appropriate :

a) device under normal load operating at normal speed;
b) device under full load (if different from a));
c) device under no load (idling);

d) device under operating condition corresponding to
maximum sound generation.

The sound power levels of sources may be determined for
any desired set of operating conditions {i.e., temperature,
humidity, device speed, etc.}. These test conditions shall be
selected beforehand and shall be held constant during the
test. The source shall be in a stable operating conditions
before any noise measurements are made.

7 MEASUREMENT OF NOISE [EMITTED, BY SOURGE
IN THE TEST ROOM

7.1 General

The calculation of the approximate sound power-level of
the source is based on measured mean-square values‘of the
sound pressure averaged in time over ‘an Cappropridte
number of positions within the test room.

A single microphone moved from position to position, an
array of fixed microphones or a microphone moving
continuously over an appropriate path in the test room
shall be used. :

7.2 Period of observation

The period of observation shall be at least ten times the
time-constant 7,. During this period the indications shall
be averaged and the mean value recorded as a result of the
measurement.

For instrumentation with RC-smoothing, no observation
shall be started after any filter switching or disturbance
of the sound field (including transfer of the microphone
to a new fixed position) until a “settling’”’ time of at least
5 times the time-constant of the instrumentation has
elapsed.

If a fixed integration time is used, the measurement at
each fixed microphone position shall be of at least 55
duration (for example if 7p = 15, five readings shall be
averaged on a mean-square basis). If 75 = 5 s, the reading
at the end of the 5s interval shall be taken. If the micro-
phone is moved over a path, the total period of observation
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shall be at least 30 s for frequency bands centred on 160 Hz
and below {and for A-weighting), and at least 10s for
frequency bands centred on 200 Hz or above.

7.3 Microphone positions

No microphone position shall be closer to the surface of the
room than A/4, where X is the wavelength of sound corre-
sponding to the centre frequency of the lowest octave band
in which measurements are made. The minimum distance
(rmin) in metres between any microphone position and the
surface of the source under test shall be

Fmin = 0,3 V1/3
where V is the volume of the test room, in cubic metres.

The distance between any two microphones positions shall
be at least A/2, where A is the wavelength of the sound
wave corresponding to the centre frequency of lowest
octave band in which measurements are made.

For-measurements with A-weighting, assume A = 3,5 m.

7.4 Number of microphone and source positions

The number of microphone positions and source locations
necessary’ to obtain “a - specified precision of the sound
power levels depend upon the properties of the source
and the test room. For each source, the minimum number
of positions necessary to obtain standard deviations which
are equal to or less than the values given in table 2 shall be
determined by the following procedure. This procedure
shall be followed for each octave band of interest and for
A-weighting.

Step 1 : For a particular source location, measure the sound

pressure levels at six microphone positions.

Step 2 : Calculate the estimated standard deviation sy, in
decibels, of the measured sound pressure levels from the
following relationship

n
Sp = (n_1)—1/2 Z

i=1

(Lpi-/-pm)z 1/2

where

Lp; is the /th value of the sound pressure level in
decibels, reference : 20 uPa;

Lpm is the mean value of Ly, Lp2, . . ., Lpg, in
decibels, reference : 20 uPa;
n==6.

When the range of values of Lp1, Lpa, .. .. Lpg is not

greater than 5 dB, a simple arithmetic average may be used



	²00�Ò�Ól"d�ˆ¶ku�à^í…Gü�"RXùøìõ¹nﬁy@Îî*ínÉÐˆ‹ˆ<wÈŒdç”qG&1;ìp�

